This article explores the long-run relationship between unemployment rate and labor force participation rate in Canada. The cointegration analysis vindicates the existence of a long-run relationship between these two variables. This finding leads us to doubt the pertinence of the unemployment invariance hypothesis for Canada. This is consistent with the empirical studies for Japan, Sweden and the United States, but contradicts the empirical studies for Australia, Romania and Turkey. There are contradictory studies for the United Kingdom.
I. Introduction and Literature Review
This article explores the long-run relationship between unemployment rate and labor force participation rate in Canada. The nature of this relationship has wide implications for the labor market policy, macroeconomic policy as well as macroeconomic theory and modeling in applications. The informational value of the unemployment rate as an indicator of labor market conditions may not be reliable if there are changes in the labor force participation rate over the business cycle. Further, unemployment invariance hypothesis suggests that the labor market adjustments ensure that the long-run unemployment rate is independent of the labor force, capital stock and total factor productivity. The effect of the changes in these can be offset by the labor market adjustments via changes in labor demand, labor supply and wage setting. For instance, an increase in productivity due to technological progress shifts the labor demand curve to the right. According to the unemployment invariance hypothesis the wage setting curve shifts inward by the same amount leaving long-run unemployment unchanged with higher wages.
Similar adjustments take place when capital stock increases. However, when there is an increase in the size of the labor force, labor supply shifts to the right. According to the unemployment invariance hypothesis the wage setting curve shifts to the right by the same amount leaving long-run unemployment unchanged with lower wages. These cases are illustrated graphically by Van (2016) .
The validity of unemployment invariance hypothesis is a debatable topic among the macroeconomists. Layard, Nickell and Jackman (1991) support it for the United Kingdom while Karanassou and Snower (2004) reject it for the United Kingdom. The latter study develops this result within the framework of an endogenous growth model. Fitoussi at al. (2000) show that long-run unemployment rate is independent of the labor force participation, capital stock and productivity "but only in trendless combinations" in several OECD countries. There are contradictory evidence in more recent studies. Österholm (2010) for Sweden, Emerson (2011) for the United States, Kakinaka and Miyamoto (2012) (for males only) and Liu (2014) (from a regional perspective) for Japan do not find support for unemployment invariance hypothesis.
Conversely, Otoiu and Titan (2015) for Romania, Tansel et al. (2016) for Turkey and Van (2016) for Australia do not find a significant long-term relationship between labor force participation and unemployment rates. Hence, unemployment invariance hypothesis is supported in the case of these countries.
Our objective is to explore the validity of the unemployment invariance hypothesis for the case of Canada. Following questions are asked in this paper. Does unemployment invariance hypothesis hold for Canada? Is the relationship between labor force participation and unemployment similar to that observed in other countries? Do changes in unemployment rates set-off added-worker or discouraged-worker effects? We use monthly data and cointegration analysis. We find that unemployment invariance hypothesis is not supported in the case of Canada.
Methodology and Analysis
In order to examine the existence of a long-run relationship between unemployment and labor force participation rates we apply the vector error correction (VEC) model to these variables.
The VEC model to these variables. The VEC model is a restricted vector autoregresision (VAR) model. The unrestricted VAR model is as follows
where yt is an n-vector of variables to be examined. t  is independent, identically distributed random disturbance term. Equation (1) can be rewritten as:
Provided that the variable in yt are I(1), π has a rank r (0≤ r < n) where r is the number of cointegrating vectors. We have
stationary. β is the nxr matrices of rank r. α is the rxn of rank r elements of which are adjustment parameters (error-correction terms).
Data
We use monthly data on the unemployment rate (U) and the labor force participation rate (LFP) for the period January 1976 through December 2015 involving over 460 observations on 40 years. Given that there are differences in the unemployment rates and labor force participation rates of men and women we also carry out the analysis for men and women separately. The time series plot of the data are presented in Figure 1 for the aggregate series as well as for the series for men and women. 
Empirical Analysis
We first investigate the time series properties of the unemployment rate and the labor force participation rate series. We use Augmented Dickey-Fuller (ADF) unit root test with Generalized Least Square (GLS) detrending due to Elliot, Rothenberg and Stock (1996) as well as the KPPS test of Kwiatkowskyi, Phillips, Schmidt and Shin (1992) . ADF-GLS test is a more powerful test which estimates the optimal number of lags to use. The results appear in the Table   1 for the levels and first differences of the series. ADF-GLS tests indicate that the null hypothesis of non-stationarity cannot be rejected at 5 percent level of significance for all the series. The KPSS test results suggest that the null hypothesis of stationarity is rejected for all of the series at 5 percent level. These results indicate that all of the series are non-stationary ie have a unit root. Further testing of the first differences of the series indicate the following. With the ADF-GLS test the null hypotheses of nonstationarity is rejected for all of the series at 5 percent level of significance. With the KPSS test the null hypothesis of stationarity is not rejected at 5 percent level of significance for all series. These results indicate that the first difference series are stationary. Based on these tests, we conclude that all of the series are integrated of order one. After establishing that the unemployment rate and the labor force participation rate are unit root processes we next test if there is a long-run relationship between them within a cointegration framework. Johansen's methodology (1988 Johansen's methodology ( :1991 provide two complementary cointegration test statistics. They are the trace and the maximum-eigenvalue tests which are reported in Table 2 . Both the trace and the maximum-eigenvalue tests indicate that the null hypothesis of nocointegration is rejected at 5 percent level and there is one and only one cointegrating vector in all cases considered. These results are robust since the two cointegration tests are in agreement as it is suggested by Hjalmarsson and Österholm (2010) . This finding suggests that there is a long-run relationship between the unemployment and labor force participation rates for the cases of aggregate series, and the series for men and women. Hjalmarsson and Österholm (2010) further warn that the trace and the maximum eigenvalue tests have size distortions when the series have near unit roots. In such cases they suggest further testing of the two restrictions on the cointegrating vector (β). They are β = (1 0)′ and β = (0 1)′ . If they are both rejected then the cointegration holds. If both of them or either of them cannot be rejected then cointegration does not hold and it may be due to a single stationary variable. In order to allow for the possibility of near unit roots we further test the above restrictions on the cointegrating vectors. The results of likelihood ratio tests shown in Table 4 indicate that both of the restrictions are strongly rejected implying that co-integration holds. Therefore, cointegration is supported and a long-run relationship between unemployment rates and labor force participation rates exits in all cases considered. The cointegrating vectors suggest the added-worker effect for men and discouragedworker effect for women. Finally we consider the short-run dynamics in the relationship between unemployment rate and the labor force participation rate. We test the following restrictions on the errorcorrection terms (α) of the VEC model. They are α = (α1 0)′ and α = (0 α2)′. The first restriction suggests that the labor force participation rate does error correct but the unemployment rate does not while the second restriction implies the opposite. The results of the likelihood ratio tests are shown at the bottom part of the Table 4 . Both of the restrictions are strongly rejected in all cases. These results confirm that both the labor force participation rates and the unemployment rates are weakly exogenous. 
Conclusion
This paper provides evidence that there is a long-run equilibrium relationship between labor force participation rate and unemployment rate in Canada. This result holds also when gender specific data are used. Therefore, we conclude that unemployment invariance hypothesis is not supported in Canada. This result is similar to the Karanassou and Snower (2004) for the United Kingdom, Österholm (2010) for Sweden, Emerson (2011) for the United States and Kakinaka and Miyamoto (2012) for Japan (male sample) where unemployment invariance hypothesis is not supported. However these studies contradict Layard, Nickell and Jackman (1991) in the United Kingdom, Tansel et al. (2016) in Turkey, Otoiu and Titan (2015) in Romania and Van (2016) Australia where there is no long-run equilibrium relation between labor force participates and unemployment rates and therefore unemployment invariance hypothesis is supported. We further find evidence for added-worker effect for men and discouraged-worker effect for women in Canada. This is contrary to what is found in the United States where there is evidence of discouraged worker effect especially for men. The lack of support for the unemployment invariance hypotheses implies that changes in the labor force participation rate which may be due to aging population will affect the unemployment rate in the long-run. Similarly, policies of early retirement or constraints on working time which reduce effective working age population may influence the long-run unemployment rate. Thus, unemployment rate is influenced by the evolution of labor force participation rate. Further, policies which improve technology, encourage investment, capital accumulation or research and development will also affect the unemployment rate in the long-run. The findings in this paper will contribute to our understanding of the functioning of the labor market in Canada.
The diversity of results with respect to different countries should be investigated. It is not clear what may be the reasons for this diversity. It may be due to the differences in the factors that influence labor market adjustment. Labor market institutions may be one such factor that influence the adjustment mechanisms in different labor markets.
